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Abstract 



A clutch, comprising a clutch disc (12), a calliper means (10) which carries 



opposite friction pads (24, 25) between which the clutch disc (12) is accommodated, 
5 said clutch disc (12) and calliper means (10) each being connected to one of an ingoing 
(9) and an outgoing (13) member, biasing means (32) for urging the opposite friction 
pads (24, 25) into frictional engagement with the clutch disc (12), motor means (2, 3) 
as well as screw actuation means (17-22) which are driveable by the motor means (2, 3) 
for displacing the opposite friction pads (24, 25) with respect to each other against the 

10 biasing force exerted by the biasing means (32), characterized in that the screw 

actuation means comprise two screw/nut actuators (17-22) with opposite screw threads, 
which scrfew/nut actuators (17-22) are coaxial to the clutch disc (12), one of the nut (17, 
1 8) and screw (21, 22) of each actuator being rotatably supported with respect to either 
the ingoing (9) or the outgoing (13) member, and the other of said nut (17, 18) and 

15 screw (21, 22) of each actuator engaging the opposite friction pads (24, 25), the motor 
means (2, 3) comprising two motors which each are coaxial to the clutch disc (12) and 
which are driveably connected to a respective screw/nut actuator (17-22). 



[Fig. 1] 
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Clutch by wire havin g multiple starter-generator means 



The invention is related to a clutch, comprising a clutch disc, a calliper means 
which carries opposite friction pads between which the clutch disc is accommodated, 
said clutch disc and calliper means each being connected to one of an ingoing and an 
outgoing member, biasing means for urging the opposite friction pads into frictional 
engagement with the clutch disc, motor means as well as screw actuation means which 
are driveable by the motor means for displacing the opposite friction pads with respect 
to each other against the biasing force exerted by the biasing means. 

Such a clutch is known. The screw actuating means of said prior art clutch 
comprise a number of electric motors with associated actuators, which are regularly 
spaced in the circumferential direction with respect to the clutch disc. Said electric 
motors carry out a rotational motion together with the clutch. This means that the 
electric power must be transferred to said motors through a rotational electric 
connection, usually carried out with slip rings. Such a layout is cumbersome and prone 
to malfunction. The slip rings inevitably wear down, and in the end these wear 
phenomena will jeopardize the function of the clutch. 

The object of the invention is therefore to provide a clutch of the type described 
before which is of a simpler and more reliable lay-out. This object is achieved in that 
the screw actuation means comprise two screw/nut actuators with opposite screw 
threads, which screw/nut actuators are coaxial to the clutch disc, one of the nut and 
screw of each actuator being rotatably supported with respect to either the ingoing or 
the outgoing member, and the other of said nut and screw of each actuator engaging the 
opposite friction pads, the motor means comprising two motors which each are coaxial 
to the clutch disc and which are driveably connected to a respective screw/nut actuator. 

By properly rotating the screw/nut actuators with respect to each other, the 
desired amount of displacement of the opposite friction pads can be obtained and thus 
the desired amount of slippage in the clutch. The opposite screw threads of the 
actuators make it possible to obtain a well defined displacement of the opposite friction 
pads with respect to each other by judiciously selecting the rotation differences of the 
motors. 

The motors can have a fixed stator, which means that no slip rings are required 
for powering them. This leads to a robust, relatively simple construction with less 
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moveable parts, which enhances the reliablity of the clutch. The motors are preferably 
of an electric type. 

Preferably the screw/nut actuators have screws which are rigidly connected to 
each other, said screws engaging the opposite friction pads. The drive connection 
5 between the motors and the actuators may be carried out in several ways, e.g. through a 
belt or chain, but preferably gear drives are applied. These gear drives may comprise a 
ring gear wheel connected to the rotor of the motor, lan external nut gear wheel 
' connected to the nut of the screw/nut actuator, as well as intermediate gear wheels 

which engage the ring gear wheel and the nut gear wheel, said intermediate gear wheels 
10 being rotatably supported on a mass body which is coaxial to the clutch disc and which 
is supported with respect to the ingoing member. By means of the gear wheels, also the 
transmission ratio can be influenced. 

The mass body onto which the sets of intermediate gear wheels are mounted 
advantageously provides a flywheel function for the engine onto which the clutch is to 
1 5 be mounted, preferably a vehicle combustion engine. 

According to a further advantage of the invention, the clutch may be integrated 
with a starter for such vehicle engine. In this respect, the mass body may comprise two 
mass body parts one of whch is rigidly connected to the ingoing member, and the other 
of which is rotatably supported with respect to the first mass body part and is rigidly 
20 connected to the calliper means, said mass body parts engaging each other furthermore 
through tangentially oriented springs for transferring a torque, each mass body part 
carrying a set of intermediate gear wheels of one of the gear drives. 

By controlling the electric motors of the clutch in such a way that they move in 
unison, a corresponding rotation is imparted onto the ingoing member, which rotation 
25 causes the vehicle combustion engine to start. The tangential spring arrangement 
between the mass body halves acts as the ususal damping mechanism for coping with 
peak torques which may occur during starting. 

Preferably, the nuts of the actuators can be rotatably supported through 
oppositely oriented angular contact bearings with respect to the mass body part which 
30 is rigidly connected to the calliper means. The biasing means may comprise 
compression springs which are accomodated in blind bores and which engage a 
pressure plate which carries one of the sets of friction pads. The screws of the actuators 
may be rigidly connected to the pressure plate which carries said one set of friction 
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pads, the calliper means- having an inwardly extending bracket which carries the 
opposite set of friction pads and the clutch disc being translatable in the axial direction. 
The translatory play of the clutch disc enables a compensation of friction pad wear. 

A static or dynamic balancing unit may be incorporated for the purpose of 
5 balancing the clutch. Preferably, an automatic balancing unit is applied so as to 
minimize the vibrations in the driveline. 

A housing can be provided onto which the stators of the motor means are rigidly 

■V 

^ connected, said housing having opposite coaxial openings for the ingoing member and 

outgoing member. 

10 The stator and rotor of the electric motors can furthermore be applied for 

generating current when the vehicle engine is running (generator function). 

The description of the clutch by wire and integrated ISG concerns a so-called 
"medium" or "mild" hybrid transmission. In this driveline concept the electric motor(s) 
supply only a short boost torque at any driving condition. In a so-called "full" hybrid 
15 transmission, the electric motor(s) drive the vehicle from a standstill position to a 
defined speed, after which the electric motor is switched off. The vehicle power 
propulsion is then taken over by a relative small internal combustion engine. The 
electric motors as described earlier then consist of a small electric motor to start up the 
internal combustion engine, and a big electric motor to drive the vehicle as described 
20 above. For both types of transmissions, the electric motor(s) can consist of a permanent 
magnete type or a brush type, with the rotor concentric or right angle towards the 
centerline of the clutch. When the rotation direction of the electric motor is switched in 
opposite direction, then a reverse driving mode for the vehicle will be established. 

The invention will now be described further with reference to an embodiment of 
25 the clutch according to the invention shown in the figures. 

Fig. 1 shows a view in prospective and partly taken away of the clutch. 
Fig. 2 shows a radial cross-section through the clutch according to figure 1 . 
The clutch as shown in figures 1 and 2 comprises a housing 1, which 
accommodates two coaxial electric motors 2, 3. Said electric motors respectively 
30 engage the mass body parts 4, 5 of the mass body 6. These mass body parts 4, 5 are 
rotatable with respect to each other through the integrated double row deep groove ball 
bearing 7. Furthermore, they engage each other in a known way through a number of 
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regularly spaced tangential springs 8, in such a way that they may carry out limited 
relative rotations. 

One of the mass body parts, that is mass body part 4, is connected to an ingoing, 
axially grooved sleeve 9, which is to be connected to an engine, e.g. a vehicle 
5 combustion engine. The other mass body part 5 is connected to a calliper means 10, 
which has a bracket 11 that overlaps the clutch disc 12. This clutch disc 12 carries a 
tubular drive member 13 which is to be connected to e.g. the manual or automatic 
transmission of a vehicle etc. by means of e.g. splines. 

The mass body part 5 has been provided with an internal, radially extending 

10 abutment 14, onto which two opposite angular contacted ball bearings 15, 16 are 
supported. These ball bearings 15, 16 are separated or are integrated with the nuts 17, 
18 of the two screw actuators 19, 20, which furthermore comprise the screws 21, 22. 
The nuts 17, 18 and the screws 21, 22 have opposite screw threads, and engage each 
other through balls (not shown). The screws 21, 22 are connected to a slidable pressure 

15 plate 23 through the extension 33. By means of a spline/groove connection 34, these 
components are non-rotatably held with respect to each other. Upon moving the screws 
21, 22, the abutment piece 33 comes to rest against the pressure plate 23, and 
subsequently moves it away from the bracket 11 so as to make the clutch disc 12 and 
friction pads 24, 254 slip with respect to each other, which engages one of the sets of 

20 friction pads 24. The opposite set of friction pads 25 is connected to the bracket 1 1; the 
clutch disc 12 is accommodated between said sets of friction pads 24, 25. 

The electric motors 2, 3 each have a stator 26 which is mounted to the housing, 
fixed to the engine housing or integrated in e.g. the housing of a self contained CVT- 
by-wire transmission. The rotors 27 of said electric motors 2, 3 are each connected to 

25 separate ring gear wheels 28. Said ring gear wheels 28 mesh with a set of intermediate 
gear wheels 29 each, which through bearings 30 are supported with respect to the 
respective mass body parts. 4, 5. The nuts 17, 18 have external gear wheels 31, which 
engage the respective intermediate gear wheels 29. In stead of gears also chain or 
toothed belt driven means can be considered. 

30 The clutch in question can be controlled in several ways, which are described 

below. First of all, the motors 2, 3 can be driven with different rotational speeds, which 
impart different rotational movements on the nuts 17, 18 through the respective gear 
wheel transmissions 28-31. As a result of the oppositely oriented screw threads, the 
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pressure plate 23 is moyed in axial direction whereby a change in the frictional 
engagement between the clutch disc 12 and the opposite sets of friction pads 24, 25 is 
obtained. Thereby, a slipping, fixed or free relationship can be obtained between the 
ingoing member 9 and the outgoing member 13. 
5 In the alternative, the electric motors 2, 3 can be moved in unison. Thereby, as a 

result of the opposite screw threads a rotational movement is imparted on the ingoing 
member 9. In this way, the clutch in question can function as a starter motor for the 0 
engine, e.g. a vehicle combustion engine which is connected to the ingoing member 9. 

According to a third possibility, the electric motors 2, 3 function as an electric 

10 generator. When the engine connected to the ingoing member 9 is running, the rotors 
27 move in unison with respect to the respective starters 26, in such a way that through 
a suitable electric control an electric current is generated. 

In summary, the clutch according to the invention can function as a friction 
clutch, a starter motor as well as a generator. 

15 The electric motors 2, 3 can have a permanent magnet, or can be of a brush 

type. The rotors 27 of these electric motors 2, 3 can be concentric to the clutch axis, or 
can be oriented at the right angles with respect to the clutch axis. The housing of the 
electric motors 2, 3 can be an integrated part of the housing of the engine onto which 
the clutch is to be connected. Furthermore, these electric motor housings are integrated 

20 in the transmission or in an intermediate housing. 

The clutch in question can be applied for automatic purposes, as mentioned, but 
also for industrial applications such as lathes, digging machines, windmills etc. 

The components of the clutch can be made of metallic, non-metallic or 
composite materials, and can be manufactured by e.g. coldforming, casting or moulding 

25 process. 

It is pointed out that pressure plate 23 is non-rotatable with respect to the 
friction pads 24 and the mass body 5. 

The clutch in question can be part of a continuously variable transmission 
driveline, which comprises an electrically actuatable continuously variable 
30 transmission, as well as a forward/reverse drive which is electrically actuatable. In the 
alternative, the clutch can ,be part of an automotive manual by shifted transmission 
driveline or an automatic gear transmission driveline. 



Claims 



1. Clutch, comprising a clutch disc (12), a calliper means (10) which carries 
opposite friction pads (24, 25) between which the clutch disc (12) is accommodated, 

5 said clutch disc (12) and calliper means (10) each being connected to one of an ingoing 
(9) and an outgoing (13) member, biasing means (32) for urging the opposite friction 
pads (24, 25) into frictional engagement with the clutch disc (12), motor means (2, 3) 
as well as screw actuation means (17-22) which are driveable by the motor means (2, 3) 
for displacing the opposite friction pads (24, 25) with respect to each other against the 

10 biasing force exerted by the biasing means (32), characterized in that the screw 
actuation means comprise two screw/nut actuators (17-22) with opposite screw threads, 
which screw/nut actuators (17-22) are coaxial to the clutch disc (12), one of the nut (17, 
18) and screw (21, 22) of each actuator being rotatably supported with respect to either 
the ingoing (9) or the outgoing (13) member, and the other of said nut (17, 18) and 

15 screw (21, 22) of each actuator engaging the opposite friction pads (24, 25), the motor 
means (2, 3) comprising two motors which each are coaxial to the clutch disc (12) and 
which are driveably connected to a respective screw/nut actuator (17-22). 

2. Clutch according to claim 1, wherein the screw/nut actuators (17-22) have 
20 screws (21, 22) which are rigidly connected to each other, said screws engaging the 

opposite friction pads (24, 25). 

3. Clutch according to claim 1 or 2, wherein the motors (2, 3) are of an electric 
type and are concentric or at right angles to the axis. 

25 

4. Clutch according to claim 3, wherein each motor (2, 3) engages the respective 
screw/nut actuator through a gear drive (28-3 1). 



5. Clutch according to claim 4, wherein each gear drive comprises a ring gear 
30 wheel (28) connected to the rotor (27) of the motor (2, 3), an external nut gear wheel 
(31) connected to the nut (17, 18) of the screw/nut actuator, as well as intermediate gear 
wheels (29) which engage the ring gear wheel (28) and the nut gear wheel (31), said 
intermediate gear wheels (29) being rotatably supported on a mass body (6) which is 
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coaxial to the clutch disc (12) and which is supported with respect to the ingoing 
member (9). 



6. Clutch according to claim 5, wherein the mass body (6) comprises two mass 
5 body parts (4, 5) one (4) of which is rigidly connected to the ingoing member (9), and 

the other (5) of which is rotatably supported with respect to the first mass body part (4) 
and is rigidly connected to the calliper means (10), said mass body parts (4, 5) engaging 
each other furthermore through tangentially oriented springs (8) for transferring a 
torque, each mass body part (4, 5) carrying a set of intermediate gear wheels (29) of 
1 0 one of the gear drives. 

7. Clutch according to claim 6, wherein the nuts (17, 18) of the actuators are 
rotatably supported through oppositely oriented angular contact bearings (15, 16) with 
respect to the mass body part (5) which is rigidly connected to the calliper means (10). 

15 

8. Clutch according to claim 7, wherein the biasing means comprise 
compression springs (32) which are accommodated in blind bores (33) and which 
engage a pressure plate (23) which carries one of the sets of friction pads (24). 

20 9. Clutch according to claim 8, wherein the screws (21, 22) of the actuators are 

connected through a spline/groove connection (34) and an abutment piece (33) to the 
pressure plate (23) which carries said one set of friction pads (24), the calliper means 
(10) having an inwardly extending bracket (11) which carries the opposite set of 
friction pads (25) and the clutch disc (12) being translatable in the axial direction. 

25 

10. Clutch according to any of the preceding claims, wherein a housing (1) is 
provided onto which the stators (26) of the motor means (2, 3) are rigidly connected, 
said housing (1) having opposite coaxial openings (34, 35) for the ingoing member (9) 
and outgoing member (13). 

30 

11. Clutch according to any of the preceding claims, wherein the screw/nut 
actuators (17-22) comprise a ball, roller or friction type actuator. 
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12. Clutch according to claim 11, wherein the ball screw actuator has ball 
recirculating means accommodated in the screw* 



13. Clutch according to any of claims 3-9, wherein the electric motors are 
driveable as electric generators. 

14. Clutch according to any of claims 3-9 and 13, wherein the electric motors are 
driveable in unison for providing a torque boost. 

15. Clutch according to any of the preceding claims, wherein an automatic 
balancing device is provided. 



